. Six helminth species were found: Mosgovoyia pectinata (Cestoda); Trichostrongylus retortaeformis, Nematodiroides zembrae, Nematodirus sp., Passalurus ambiguus and Micipsella numidica (Nematoda). N. zembrae and M. pectinata (62.4 % and 17.2 %, respectively) were the only component species found. The predominance of helminth species with a direct life cycle is noteworthy. These two component species were significantly influenced by season of capture. Other factors, such as host age and municipality of capture, influenced the prevalences and/or abundances of the component species, while host sex did not exert any important role. These variations, determined by extrinsic and/or intrinsic factors, in the helminth community could be related to the ecology of the Iberian hare, mainly diet, habitat and behaviour.
Introduction
Lepus granatensis Rosenhauer, 1856 is an endemic species of the Iberian Peninsula, which lives in parapatry with other representatives of the genus, L. europaeus and L. castroviejoi. Among them, L. granatensis shows the broadest Iberian distribution, occupying much of the Iberian Peninsula except for a strip that runs from the northwest to the northeast; the mouth of the river Ebro being its eastern limit. This lagomorph was also introduced in the south of France as a game species in the past few decades. The population of the Iberian hare is stable within its typical area of distribution (Duarte, 2000; Muñoz-Cobo & Moreno, 2004; Acevo et al., 2012) .
Information available on infectious diseases affecting L. granatensis is scarce, in contrast to the abundance of references related to the sympatric lagomorph, Oryctolagus cuniculus. In particular, helminthological studies on L. granatensis from the south of Spain are limited to those of Moreno et al. (1979) and Martínez-Gómez et al. (1987) , who studied two batches of 42 and 45 hosts from Cordoba, respectively. In central Spain, García-Romero et al. (2001) analysed 63 Iberian hares, while Alzaga et al. (2008) analysed a similar batch (n=68) from Castille-La Mancha. Concerning the northern range, Molina (1998) and Bordes et al. (2007) provided helminthological data from Navarre and southern France (n=39 and n=47, respectively). These studies, most of them focused on areas that constitute the geographical limit for the species (Molina, 1998; Bordes et al., 2007) , made the characterization of the helminthfauna of L. granatensis in distant points of the Iberian Peninsula possible. However, there is a lack of parasitological studies on southern Spain, where L. granatensis is particularly abundant. Parasitological studies have proved to be useful in the elucidation of biological features related to lagomorphs (Newey & Thirgood, 2004; Newey et al., 2005; Eira et al., 2007; Townsend et al., 2009 ). In the case of the Iberian hare, the only study of such characteristics is that by Alzaga et al. (2008) , who analysed the relationship between parasite burdens and its ability to escape from predators. However, further analyses concerning the correlation between parasitism and other host-related factors are still required (Fernández et al., 2008; Paupério & Célio, 2008) . This study aims to contribute to the knowledge on the helminthfauna of the Iberian hare in southern Spain through the survey of a large batch of the host. Moreover, an ecological analysis has also been carried out in order to assess variations in its helminth community, taking into account intrinsic and extrinsic factors. HELMINTHOLOGIA, 51, 4: 281 -287, 2014 The helminth community of the Iberian hare, Lepus granatensis (Lagomorpha: Leporidae), in the province of Granada, Spain
Material and methods
A batch of 487 Iberian hares (258 males and 229 females) shot by hunters between November 1998 and October 1999, along the four seasons, i.e. autumn (n=136), winter (n=145), spring (n=117) and summer (n=89), was analysed (Table 1) . The sample was obtained by legal hunting methods, in compliance with Spanish laws and Annex IV of the Berne Convention on the Conservation of European Wildlife and Natural Habitats. The study area included six municipalities of the province of Granada ( Fig. 1) : Loja (n=30), Alomartes (n=106), Illora (n=211), Cijuela (n=86), Caparacena (n=25) and Albolote (n=29), located between latitude 37°10' -37°18'N and longitude 3°38' -4°10'W, where L. granatensis lives in sympatry with O. cuniculus. The study area was climatically classified as Mediterranean according to the data provided by the Spanish Meteorological Agency, but with moderate temperatures and rainfall, and without climatic differences between the six municipalities. Age determination poses some difficulties in Iberian hares, since there are no reference tables for body length, weight, and age, as in the case of the European hare (Péroux, 1995) . In spite of this, three subsets of individuals based on body weight were defined: juveniles <2.000 g (n=103); sub-adults between 2.000 -2.300 g (n=231), and adults >2.300 g (n=153) ( Table 1 ). The abdominal cavity was opened and the viscera extracted. After that, the mesenteries and the abdominal cavity were examined for the presence of macroparasites. All viscera were systematically checked by using standard helminthological methods (Georgi & Georgi, 1990) . The gastrointestinal tract was divided into four sections (stomach, small intestine, caecum, and colon) which were longitudinally opened with scissors. The content of each section was placed in a 150-µm-mesh sieve and washed under running water. The gastrointestinal contents and any accompanying helminths trapped in the sieve were examined in small amounts in Petri dishes using a stereomicroscope (x10 and x30). All helminths found were removed, counted and preserved in 70 % ethanol. Nematodes were cleared in Amman lactophenol to identify internal structures, while cestodes were stained in Semichon acetocarmine, dehydrated and mounted in Canada balsam. Identification of helminths was made according to previous descriptions (Erhardová, 1957; Skrjabin et al., 1960; Bernard, 1965; Tenora & Murai, 1978; Durette-Desset, 1979; Hugot et al., 1983; Genov et al., 1990; Beveridge, 1994; Haukisalmi et al., 2010) . The analysis of the helminth community was carried out considering: each particular biological cycle (direct or indirect life cycle), prevalence, mean abundance, median intensity, range and total number of helminths calculated according to Bush et al. (1997) . Where possible, standard non-parametric tests -chisquared (χ 2 ), Mann-Whitney (U) and Kruskal-Wallis (H) tests -were applied (Sokal & Rohlf, 1981) . Statistical significance was established at P<0.05. The role played by intrinsic (host age and sex) and extrinsic (municipality and season of capture) factors in determining helminth prevalences and worm burden (mean abundance) for component species of the Iberian hare were studied. The analysis of helminth prevalences, as the dependent variable, was carried out using binary logistic regression (infected=1; uninfected=0) and the intrinsic and extrinsic factors as independent variables. The analysis of worm burden (expressed by helminth abundance) was carried out using ANOVA (F). As the number of helminths was highly aggregated, the helminth abundance of each species was normalised by the ln (x + 1) transformation for ANOVA analysis. The frequency distribution of component species was calculated by means of the Lefkovitch index (L), where L=(1/45)tang -1 (variance/mean)-1 ranging from -1 (positive binomial or uniform distribution), 0 (Poisson or random distribution) to +1 (negative binomial or aggregated distribution). Table 2 ). Thus, the remaining helminth species have to be considered as rare species of the helminth community of the Iberian hare in Granada. From a biological point of view, 62.63 % of hares presented helminths with a direct life cycle and 20.74 % presented helminths with an indirect life cycle, with a statistically significant difference (χ 2 =174.051; df=1; P<0.0001). The analysis of the influence of intrinsic and extrinsic factors on the biodiversity of the helminth community of the Iberian hare showed no remarkable differences among groups. However, concerning age groups, the two component species were the only species reported in juvenile hares. Moreover, concerning municipalities, no species was reported in the municipality of Albolote. The analysis of prevalence and helminth burden of the two component species showed that populations of N. zembrae and M. pectinata were affected by: the season (Table 3) and the municipality of capture (Table 4) ; while host age affected N. zembrae only, with the highest percentage of infection in sub-adult Iberian hares (70.13 %). The role played by these intrinsic and extrinsic factors determining helminth prevalence and abundance of the two component species were ratified by the results of the chisquared test (Table 5 ) and the binary logistic regression (Table 6 ) in the case of prevalences, and the Kruskal-Wallis test (Table 5 ) and ANOVA (Table 7) in the case of abundances. The frequency distributions of the two component species showed that both presented a negative binomial distribution: N. zembrae (L=0.99) and M. pectinata (L=0.85).
Discussion
The high prevalence of parasitation in the Iberian hare reported in the present study, mainly due to the nematode N. zembrae, coincides with other studies carried out concerning this host (Bordes et al., 2007; Alzaga et al., 2008) . However, the species richness (only six helminth species were detected in spite of the high number of individuals analysed) is below the results obtained in previous studies undertaken in other areas of Spain, where seven (Moreno et al., 1979) (Audebert et al., 2002) . The geohelminth T. retortaeformis has commonly been reported to parasitize lagomorphs from Spain. Several studies revealed the influence of parasitism by trichostrongilid species on host population dynamics of species of the genus Lepus (Newey et al., 2005; Townsend et al., 2009) . The only available data on species of the genus Trichostrongylus parasitizing Iberian hares in southern Spain are Table 7 . Mean abundance of the helminth component species of the helminth community of Lepus granatensis in Granada grouped by host age and sex, and municipality and season of capture, through ANOVA, expressed by F values with associated probabilities (P). df, degree of freedom. Only statistically significant models are reported. those of Moreno et al. (1979) , who found a prevalence of 21 % of T. retortaeformis in a sample of 42 hares. The limited extent of infection by T. retortaeformis found in the present study could be one of the reasons for the high population abundance of the Iberian hare in the study area. When this species is present in the helminth communities of L. granatensis (mainly in winter), it seems to interact with N. zembrae, which is expressed as a reduction in the intensity of T. retortaeformis. Interactions between T. retortaeformis and other parasites of lagomorphs may result in changes in the temporal pattern of the affected species. This effect was reported by Lello et al. (2008) with respect to Graphidium strigosum. The oxyurid P. ambiguus has been reported to parasitize the large intestine and the caecum of rabbits, cottontails and hares all over the world (Harkness et al., 2010) . Although this helminth showed the highest mean intensity in the entire host sample, the prevalence reported herein was very low. Similar patterns were reported in other studies on Spanish lagomorphs (García-Romero et al., 2001; Eira et al., 2007) . The filarial worm M. numidica, transmitted by an arthropod, had previously been reported to parasitize the Iberian hare (Moreno et al., 1979) . In spite of its low prevalence in the analysed host sample, seasonal variations, probably due to vector population fluctuations, were detected, with an increase of its prevalence in summer, with a significant peak in autumn and a marked decrease in winter.
The high dominance of helminth species with a direct life cycle can easily be explained by the high population density and through the scarce, only accidental, ingestion of invertebrate intermediate hosts. On the other hand, the very low prevalence of the oxyurid P. ambiguous, a nematode with direct transmission, ageohelminth type, as well as the absence of other helminth species with a direct life cycle, can be related to its supposedly discontinued distribution along agro-climatic areas, as well as by the less sedentary and gregarious character of the Iberian hare when compared to the wild rabbit, O. cunniculus, and through the fact that this hare does not use burrows, consequently this kind of transmission is not favoured (García-Romero et al., 2001) . This last aspect is confirmed by the fact that the juvenile hare population was only parasitized by the two component species, and by none of the other three species with a direct life cycle. Referring to the influence of intrinsic and extrinsic factors on the prevalence and abundance of M. pectinata and N. zembrae, the influence of the season of capture, with the highest prevalences of M. pectinata in autumn, and of N. zembrae in winter, may be related to the population increase of the oribatid mite, intermediate host, in summer, ingested by the Iberian hare while grazing, favouring infestation with this cestode species, mainly detected as an adult tapeworm during the following season; and the higher presence of free living nematode larvae, as a consequence of the temperature decrease and the increase of soil humidity from on autumn. On the other hand, these seasonal differences could also be related to the diet of the Iberian hare. The rate of grass consumption reaches its maximum in winter (81 %), increasing the probability of acquiring infective stages of both species along the cold season (Paupério & Célio, 2008) . Similar seasonal variations in parasite burdens have been reported for wild rabbits in Spain (García-Romero & Valcárcel, 1999) . The absence of parasitation in the municipality of Albolote, as well as the presence of N. zembrae in Caparacena as the only helminth species detected, seem to be due to the low number of hosts analysed and not due to ecological and/or climatic differences between the municipalities analysed, taking into account the similarity between them and the fact that municipalities represent an artificial geographical division, but it is the only geographical location available within the entire host sample area. Host sex did not exercise any influence on parasitation. Both helminth component species affect male and female hares equally, agreeing with various studies having reported these two parasites in other Iberian lagomorphs (García-Romero & Valcárcel, 1999; Molina et al., 1999; Eira et al., 2007) . The effect of parasitic infections on the health of different lagomorph species has been studied by several authors who used the kidney fat index as a measure of physical condition of the host (Eira et al., 2007) . Alzaga et al. (2008) reported a significant reduction in fitness and a higher vulnerability to attacks by common predators as a consequence of parasitic infection in Iberian hares. Moreover, helminth burdens also seem to influence the reproductive status of female Iberian hares, which breed throughout the year, although several authors have reported cycles that depend on climatic factors. The results of the present study showed that the highest intensity of helminth infracommunities occurs in autumn and winter, coinciding with the lowest percentage of reproductively active females in the study area. These findings support the hypothesis that variations in parasite burdens of helminth species affecting Iberian hares throughout the year can exert an effect on the regulation of their populations, either by influencing reproductive cycles or by affecting the body condition of the host. Although potential bilateral effects between helminths and hosts have to be considered, as the immune status of hares can rule the worm burden in the hosts, helminths sometimes only take advantage of the rundown condition of the hare although they do not cause it. These effects are certainly reciprocal between hares and their helminths. The helminth burden depends on the reproductive stage of animals rather than on the reproductive stage of the worm burden. In spite of this, the two component species of the helminth community of the Iberian hare in Granada should be considered well established among the host population, given their prevalences and abundances, as well as their aggregated distribution (negative binomial), and consequently not as a destabilising factor of the Iberian hare population (Anderson & May, 1978) .
